The lattice constants of diamond and graphite at high pressure and high temperature (HPHT) were calculated on the basis of linear expansion coefficient and elastic constant. According to the empirical electron theory of solids and molecules (EET), the valence electron structures (VESs) of diamond, graphite crystal and their common planes were calculated. The relationship between diamond and graphite structure was analyzed based on the boundary condition of the improved Thomas-Fermi-Dirac theory by Cheng (TFDC). It was found that the electron densities of common planes in graphite were not continuous with those of planes in diamond at the first order of approximation. The results show that during the course of diamond single crystal growth at HPHT with metal catalyst, the carbon sources forming diamond structure do not come from the graphite structure directly. The diamond growth mechanism was discussed from the viewpoint of valence electron structure. diamond crystal, graphite, carbon source, valence electron structure
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diamond crystal, graphite, carbon source, valence electron structure Since the diamond single crystal was synthesized successfully for the first time by Bundy in 1954, the diamond crystal growth mechanism with the method of metal catalyst at high pressure and high temperature (HPHT) has been investigated extensively, but it is still obscure until now. Some researchers suggested that graphite structure could be transformed into diamond structure directly without decomposition [1, 2] , and others considered that graphite dissolved into melting catalyst with the form of carbon atoms [3] . Moreover, many studies showed that the decomposition of Me 3 C type carbides related closely to diamond crystal growth [4] [5] [6] . Through systemic studies on the metal film surrounding as-grown diamond, Xu et al. [7, 8] found that the high carbon-content phase was Me 3 C type carbide instead of graphite in the inner film contacting diamond surface. Then the study on whether the carbon source for diamond growth comes from graphite or Me 3 C will fulfill the diamond growth mechanism further. Based on known crystal structure, the valence electron structure (VES) of solids and molecules can be calculated according to the empirical electron theory (EET) [9] , and the covalent electron density of a certain crystal plane can also be calculated [10] . Thomas-FermiDirac theory by Cheng (TFDC) considers the electron density being continuous as the boundary criterion of atoms [11] . Electron density is considered as a bridge connecting EET and TFDC, so the two theories could be used to investigate the mechanism concerning diamond formation by analyzing the electron density continuity between planes composed of carbon atoms in carbon source phase and planes in diamond crystal. The growth of diamond crystal must come from the decomposition or transformation of carbon source phase, and the density continuity is just the boundary condition for dia-mond growth. The VES calculation is usually carried out according to the lattice constants of crystal at normal temperature and pressure. However, diamond crystals are synthesized at HPHT. In the present paper, the lattice constants of diamond and graphite at HPHT were calculated by use of linear expansion coefficient and elastic constant at first, then the VESs of diamond, graphite and their common planes were calculated with EET, and the valence electron density continuity between common crystal planes in diamond and planes in graphite was analyzed with TFDC. Combined with former researches, the problem on carbon source for diamond growth and diamond growth mechanism was discussed from the viewpoint of valence electron structure.
1 Crystal structure of cubic diamond and graphite
Crystal structure of cubic diamond and graphite
Cubic diamond is by far the most common structure among diamond crystals produced at HPHT. Its space group is Fd3m and lattice constant is a 0 = 0.35668 nm. Besides 4 atoms in face-centred cubic structure, there are 4 atoms whose atom positions are (1/4, 1/4, 1/4), (1/4, 3/4, 3/4), (3/4, 3/4, 1/4) and (3/4, 1/4, 3/4) in the interior. The representation of cubic diamond structure is shown in Figure 1 . Graphite is composed of series of stacked parallel layer planes. The stacking of these layer planes occurs in two slightly different ways resulting in two kinds of graphite: the hexagonal and rhombohedral graphites. The most common stacking sequence of the graphite crystal is hexagonal with an ABAB stacking order, in [12] . The other graphite structure is rhombohedral with the stacking order ABCABC as shown in Figure 2(b) . The carbon atoms in every third layer are superimposed. Its space group is D 5 3d -R3m and lattice constants are a 0 = 0.24612 nm, c 0 = 1.0062 nm [12] . Some researches show that rhombohedral graphite is more likely to be transformed into diamond structure [13] . In this paper, both kinds of graphite are analyzed.
Lattice constants of crystal at HPHT
Commonly, the lattice constants of crystal provided in references are obtained at normal temperature and pressure. However, the crystal structure expands or shrinks with the promotion of temperature and pressure, which 
